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56&LVHVWDEOLVKHGEDVHGRQGXSOLFDWLRQG\QDPLFVIXQFWLRQ
DQG HYROXWLRQDU\ VWDEOH VWUDWHJ\ 8VLQJ WKH PRGHO IUDPHZRUN WKLV SDSHU SURYLGHV LQVLJKWV LQWR D GHHSHU
XQGHUVWDQGLQJRQKRZHDFKVXSSOLHUPDNHVWUDWHJLFGHFLVLRQLQGHSHQGHQWO\LQUHYHUVHVXSSO\FKDLQWRGHWHUPLQHWKHLU
SHUIRUPDQFH7KHPDLQFRQFOXVLRQ LVDVIROORZ8QGHU WKHPDUNHWPHFKDQLVPQRWXQOHVV WKHH[WUD LQFRPHGHULYHG
IURP WKH LPSOHPHQWDWLRQ RI 56& H[FHHGV ]HUR SRLQW ZRXOG WKH VXSSOLHUV LPSOHPHQW 56& VWUDWHJ\ :KHQ WKRVH
VXSSOLHUVDUHSDVVLYHWR56&WKHHIIHFWLYHVROXWLRQLVWKDWWKHJRYHUQPHQWWDNHVPDFURFRQWUROPHDVXUHVIRUH[DPSOH
WRIRUFHWKRVHVXSSOLHUVLPSOHPHQW56&WKURXJKSXQLVKPHQWPHFKDQLVP  
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$V SHRSOH
V DZDUHQHVV RI HQYLURQPHQWDO SURWHFWLRQ DQG VXVWDLQDEOH GHYHORSPHQW GHHSHQ JUDGXDOO\
PDQXIDFWXUHUV SXW HPSKDVLV RQ UHF\FOLQJ ZDVWH SURGXFWV 6XFK EHKDYLRUV DUH QRW RQO\ EHFDXVH WKH
FRUSRUDWLRQVDUHIRUFHGE\UHOHYDQWHQYLURQPHQWDOSURWHFWLRQSROLFLHVEXWDOVRWKH\IRXQGFDQREWDLQWKH
UHSXWDWLRQRI HQYLURQPHQWDO SURWHFWLRQ WKH UHGXFWLRQRI FRVWV DQG WKH LPSURYHPHQW RI SURILWV E\XVLQJ
UHF\FOHGSURGXFWV1RZPRUHDQGPRUHFRPSDQLHVDUHVHWWLQJXSUHYHUVHVXSSO\FKDLQV56&EHFDXVHRI
HQYLURQPHQWDOUHJXODWLRQVRUFRQVXPHUSUHVVXUHV>@:KDWLV56&",W¶VWKHVHULHVRIDFWLYLWLHVUHTXLUHGWR
UHF\FOH XVHG SURGXFWV IURP FXVWRPHUV DQG HLWKHU GLVSRVH RI WKHP RU UHXVH WKHP $QG IRU D JURZLQJ
QXPEHU RI PDQXIDFWXUHUV LQ LQGXVWULHV UDQJLQJ IURP FDUSHWV WR FRPSXWHUV UHYHUVH VXSSO\ FKDLQV DUH
EHFRPLQJDQHVVHQWLDOSDUWRIEXVLQHVV>@$JURZLQJOLWHUDWXUHVWXGLHGRQRSHUDWLRQVPDQDJHPHQWRI56&
6RPHVFKRODUVFRQVLGHUHGWKDWPDQDJHUVVKRXOGJLYH56&DVPXFKDWWHQWLRQDVIRUZDUGVVXSSO\FKDLQV
7KH\ EHOLHYHG WKDW UHFRJQL]LQJ WKH VLJQLILFDQW YDOXH UHPDLQLQJ LQ SURGXFW UHWXUQV DQG WKHLU WLPH
VHQVLWLYLW\ZHUHNH\VWRGHVLJQLQJWKHUHYHUVHVXSSO\FKDLQV>@0DMXPGHU3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UHPDQXIDFWXULQJ GHFLVLRQV>@ :DQJ <X\DQ DQDO\]HG WKH SULFH GHFLVLRQV E\ JDPH WKHRU\ DQG D
QRQFRRSHUDWLYHJDPHHTXLOLEULXPDQGDFRRSHUDWLYHJDPHHTXLOLEULXPZHUHREWDLQHG>@ 
%DVHGRQ WKHSUHYLRXV OLWHUDWXUH UHYLHZVRI56& WKLV DUWLFOHZLOO H[SORUH WKH VXSSOLHUV EHKDYLRU RI
56&E\XVLQJHYROXWLRQDU\JDPHSULQFLSOHDQGPHWKRGXQGHUWKHPDUNHWPHFKDQLVPDQGWKHSXQLVKPHQW
PHFKDQLVPDQGWU\WRILQGWKHHYROXWLRQDU\VWDEOHVWUDWHJ\RI56&RSHUDWLRQ
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(YROXWLRQDU\JDPHWKHRU\
(YROXWLRQDU\JDPHWKHRU\(*7LVWKHDSSOLFDWLRQRIJDPHWKHRU\WRLQWHUDFWLRQGHSHQGHQWVWUDWHJ\
HYROXWLRQLQSRSXODWLRQV(*7 LVXVHIXOLQDELRORJLFDOFRQWH[WE\GHILQLQJDIUDPHZRUNRIVWUDWHJLHV LQ
ZKLFKDGDSWLYHIHDWXUHVFDQEHPRGHOHG,WRULJLQDWHGLQZLWK-RKQ0D\QDUG6PLWKDQG*HRUJH5
3ULFH
V IRUPDOL]DWLRQ RI HYROXWLRQDULO\ VWDEOH VWUDWHJLHV DV DQ DSSOLFDWLRQ RI WKHPDWKHPDWLFDO WKHRU\ RI
JDPHVWRELRORJLFDOFRQWH[WV>@DULVLQJIURPWKHUHDOL]DWLRQWKDWIUHTXHQF\GHSHQGHQWILWQHVVLQWURGXFHVD
VWUDWHJLF DVSHFW WR HYROXWLRQ (*7 GLIIHUV IURP FODVVLFDO JDPH WKHRU\ E\ IRFXVLQJ RQ WKH G\QDPLFV RI
VWUDWHJ\FKDQJHPRUHWKDQWKHSURSHUWLHVRIVWUDWHJ\HTXLOLEULD(*7KDVEHFRPHRILQFUHDVLQJLQWHUHVWWR
HFRQRPLVWV VRFLRORJLVWV DQWKURSRORJLVWV DQG SKLORVRSKHUV 7KH VWXG\ REMHFW RI (*7 LV VSHFLHV
IRFXVLQJRQ DQDO\]LQJ WKH VSHFLHV VWUXFWXUH FKDQJHV UDWKHU WKDQ WKH HIIHFW RI LQGLYLGXDO DFWV:KHQ DOO
SDUWLFLSDQWVRIDV\VWHPDGRSWWKHHYROXWLRQDU\VWDEOHVWUDWHJ\WKHLQGLYLGXDOXVLQJRWKHUVWUDWHJLHVZLOO
EH XQDEOH WR LQYDGH WKH V\VWHP DQG LW ZLOO EH XQGHU WKH SUHVVXUH RI QDWXUDO VHOHFWLRQ WR FKDQJH WKH
VWUDWHJ\ RU H[LW WKH V\VWHP (YROXWLRQDU\ 6WDEOH 6WUDWHJ\ (66 DQG'XSOLFDWLRQ'\QDPLFV LV WKH FRUH
FRQFHSWV LQ(*7 ,Q JDPH WKHRU\ DQGEHKDYLRXUDO HFRORJ\ DQ HYROXWLRQDULO\ VWDEOH VWUDWHJ\ (66 LV D
VWUDWHJ\ZKLFKLIDGRSWHGE\DSRSXODWLRQRISOD\HUVFDQQRWEHLQYDGHGE\DQ\DOWHUQDWLYHVWUDWHJ\WKDWLV
LQLWLDOO\UDUH 
$FFRUGLQJ WR WKH SULQFLSOH RI HYROXWLRQ D VWUDWHJ\ IRU ILWQHVV RU WR SD\ PRUH WKDQ WKH DYHUDJH
SRSXODWLRQILWQHVVKLJKWKLVVWUDWHJ\ZLOOEHGHYHORSHGLQWKHSRSXODWLRQWKDWLVVXUYLYDORIWKHILWWHVWLV
UHIOHFWHGLQWKHJURZWKUDWHRIWKLVVWUDWHJ\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0RGHOLQJK\SRWKHVLV
y 7KH WUDGLWLRQDO WKHRU\ RI JDPHV LPSRVHV D YHU\ KLJK UDWLRQDOLW\ UHTXLUHPHQW XSRQ DJHQWV 7KLV
UHTXLUHPHQW RULJLQDWHV LQ GHYHORSPHQW RI WKH XWLOLW\ WKHRU\ ZKLFK SURYLGHV JDPH WKHRU\
V
XQGHUSLQQLQJV %XW QXPHURXV UHVXOWV IURP H[SHULPHQWDO HFRQRPLFV KDYH VKRZQ WKDW WKHVH VWURQJ
UDWLRQDOLW\DVVXPSWLRQVGRQRWGHVFULEHWKHEHKDYLRURIUHDOKXPDQVXEMHFWV,QWKLVVWXG\ZHDVVXPH
WKDWHDFKSDUWLFLSDQWVLQJDPHDUHOLPLWHGUDWLRQDOLW\
y :HGLYLGH WKH VXSSOLHUVRI6&0 LQWRRSHQHQWHUSULVHVZKLFKFDOOHG ³VXSSOLHUV´DQGFRQVHUYDWLYH
HQWHUSULVHVZKLFKFDOOHG³VXSSOLHUV´7KHRSHQRQHVDUHDEOHWRNHHQO\REVHUYHRSSRUWXQLWLHVOLNH
XVHQHZWHFKQRORJLHVDQGWLPHO\LQQRYDWLRQ2WKHUZLVHWKHFRQVHUYDWLYHHQWHUSULVHVGRQRWWDNHWKH
LQLWLDWLYH WR SURPRWH WKH DGRSWLRQ RI QHZ WHFKQRORJLHV DQG EH ODFN RI D SRVLWLYH WHFKQRORJLFDO
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LQQRYDWLRQ%HFDXVHLW¶VGLIILFXOWIRUSOD\HUVWRHQVXUHWKDWWKHLUFKRLFHRIVWUDWHJLHVLVWKHEHVW WKH
WZR JURXSV RI VXSSOLHUVPLJKW DGRSW RQH RI WKH WZR VWUDWHJLHV ³LPSOHPHQW 56&´ZKLFK GHQRWHV
³VWUDWHJ\$´DQG³QRWLPSOHPHQW56&´ZKLFKGHQRWHV³VWUDWHJ\%´)RUFRQYHQLHQFHWKHIROORZLQJ
QRWDWLRQ LV XVHG 7KH QRUPDO UHYHQXH RI VXSSOLHUV GHQRWHV 8  DQG VXSSOLHUV GHQRWHV 9 
$GRSWLQJVWUDWHJ\$ZRXOGEULQJLQFUHDVHGSURILWV 
8  WR  VXSSOLHUVDQG 
9  WRVXSSOLHUV 
:KHQWKHVXSSOLHUVLDGRSWHGVWUDWHJ\$DQGVXSSOLHUMDGRSWHGVWUDWHJ\%VXSSOLHULZRXOGLQFUHDVHLQ
VDOHVRILWVSURGXFWVDQGWKHFRUUHVSRQGLQJSURILWVDOVRLQFUHDVHGEHFDXVHRISRVLWLYHLPSOHPHQWDWLRQRI
56&7KHLQFUHDVHGSURILWGHQRWHV Lπ 2QWKHFRQWUDU\  WKHVXSSOLHUVMZRXOGOHDGWRORZHUSURILWVIRU
QRQLPSOHPHQWDWLRQRIWKH56&,WVUHGXFHGSURILWGHQRWHV Mπ $VWKHIRUPHUDVVXPSWLRQZHFDQREWDLQ
 π π> 
y 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LPSOHPHQWLQJ56&WKHVXSSOLHUZLOOWDNHDQHJDWLYHVWUDWHJ\WR56&6RVXSSOLHUHDQGVXSSOLHUVZLOO
LPSOHPHQW56&RQO\XQGHUWKHFRQGLWLRQRI 
 
  8 9π π+ > + >  LQPDUNHWPHFKDQLVP
'XSOLFDWLRQG\QDPLFVDQGHVVXQGHUSHQDOW\PHFKDQLVP 
6XSSOLHUV¶SURGXFWLRQZLOOFDXVHUHVRXUFHVKRUWDJHVDQGHQYLURQPHQWDOSROOXWLRQ VR WKHJRYHUQPHQW
WDNHV PHDVXUHV WR IRUFH WKH VXSSOLHU WR UHFDOO WKH ROG SURGXFWV LI WKH SURGXFWV DUH QRW UHFRYHUHG WKH
JRYHUQPHQWZLOOSXQLVKWKRVHVXSSOLHUV:HDVVXPHWKDWWKHDPRXQWRIWKHJRYHUQPHQW¶ILQHLV I 1RZ
WKHNH\SUREOHPLVWKDWKRZPXFKWKHORZHVWOLPLWRI I  FDQHQVXUHWKHSXQLVKPHQWLVHIIHFWLYH8QGHU
SXQLVKPHQWPHFKDQLVPWKHVXSSOLHUVEHQHILWPDWUL[LVVKRZQLQ7DEOH

7DE6XSSOLHUV%HQHILW0DWUL[8QGHU3XQLVKPHQW0HFKDQLVP


               6XSSOLHUV
                     LPSOHPHQW56&$     QRWLPSOHPHQW56&%
6XSSOLHUV LPSOHPHQW56&$QRWLPSOHPHQW56&%

8 8+  
9 9+  
8 8 π+ +  9 Iπ− − 

8 Iπ− − 


9 9 π+ +  8 I−  9 I− 
7KXVWKHVXSSOLHUVGXSOLFDWLRQG\QDPLFVHTXDWLRQVDUHJLYHQDVIROORZ

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
DONG Huizhong SONG Hongli / Physics Procedia 24 (2012) 705 – 709 709

 
 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T T T 9 Iπ= − + +
 
           
7KHUHVXOWRIDQDO\]LQJWKHHTXDWLRQVE\WKHIRUPHUPHWKRGVKRZHGWKDWSRLQWV
DUH HTXLOLEULXP SRLQW RI WKH V\VWHP DPRQJ WKHP WKH SRLQW  LV WKH RQO\ (66 LI DQG RQO\ LI
 
 I 9 π> − + :KHUH


 9 π+ < 
:HDQDO\]HYDULRXVHTXLOLEULXPJDPHVDVIROORZ
:KHQ JRYHUQPHQW ILQH I LV JUHDWHU WKDQ WKH ORVV RI VXSSOLHUV ZKLFK LPSOHPHQW 56& QDPHO\
 
 I 9 π> − + VXSSOLHUVZRXOGWDNHDFWLYHPHDVXUHVWRLPSOHPHQW56& ,I  
 I 9 π< − +  WKHQ WKHUH
DUH WZRVLWXDWLRQV :KHQ { } PD[   
  
 8 I 9π π− + < < − +  WKHQ WKH VXSSOLHUVZRXOG LPSOHPHQW
56& RWKHUZLVH WKH VXSSOLHUV ZRXOG QRW LPSOHPHQW 56&  :KHQ  
 I 8 π< − +  WKH VXSSOLHUV
ZRXOGQ¶WLPSOHPHQW56(QDPHO\WKH\ZRXOGDOODGRSWVWUDWHJ\% 
&RQFOXVLRQ
7KLV SDSHU WULHG WR UHVHDUFK WKH G\QDPLFPHFKDQLVP RI VXSSOLHUV LPSOHPHQWLQJ WKH UHYHUVH VXSSO\
FKDLQVWUDWHJ\ LQVXSSO\FKDLQFRPPXQLW\ WKURXJKXVLQJHYROXWLRQDU\JDPH WKHRU\7KHUHVXOWV VKRZHG
WKDW8QGHUWKHPDUNHWPHFKDQLVPRQO\ZKHQPDQXIDFWXUHUVKDYHDFFHVVWRDGGLWLRQDOUHYHQXHWKURXJK
LPSOHPHQWLQJ56&WKH56&ZRXOGEHJUDGXDOO\DFFHSWHGE\WKHPDUNHWRQWKHFRQWUDU\PDQXIDFWXUHUV
ZLOODGRSWDQHJDWLYHDWWLWXGHWRZDUGV56&8QGHUWKHVHFLUFXPVWDQFHVJRYHUQPHQWWDNHFHUWDLQPHDVXUHV
WRLQWHUYHQHPDUNHWDUHUHTXLUHGVXFKDVLPSOHPHQWDWLRQRISXQLWLYHPHDVXUHVWRSXQLVKVXSSOLHUVZKRGR
QRW WDNHUHYHUVHVXSSO\FKDLQ%XWSXQLWLYHPHDVXUHVHIIHFWLYHQHVVZLOOGHSHQGRQ WKHVL]HRI ILQH7KH
SXQLWLYHPHDVXUHVDLPVWRFRUUHFWWKHPDQXIDFWXULQJHQWHUSULVHVGLVFKDUJLQJZDVWHEHKDYLRUVWKDWZRXOG
JHQHUDWH WKH LPSDFW RI QHJDWLYH H[WHUQDOLWLHV 7KLV ZLOO IDFLOLWDWH VXSSOLHUV WR DGRSW 56& VWUDWHJ\
(VSHFLDOO\ZKHQWKHSHQDOW\H[FHHGVWKHDPRXQWRIZDVWHUHF\FOLQJFRVWVLQWKHRU\DOOWKHPDQXIDFWXULQJ
HQWHUSULVHVZLOO HYHQWXDOO\ WDNH UHYHUVH VXSSO\ FKDLQ VWUDWHJ\7KLV LQGLUHFWO\ UHIOHFWV WKH JRYHUQPHQW
V
LQWHUYHQWLRQSROLF\KDYHVKRZQDVWURQJUROHLQVWLPXODWLQJHQWHUSULVHUHF\FOLQJZDVWHFXUELQJSROOXWLRQ
DUHDV7KHVHFRQFOXVLRQVKDYHVRPHVLJQLILFDQFHIRUWKHVXSSO\FKDLQHQWHUSULVHVWRGHYHORS56& 
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